Introduction 29
There are several factors that influence the animal's water intake and the most 30 the total water intake (TWI) (amount water drunk plus water derived from the diet) was 38 positively correlated to DMI, but negatively correlated to the DM content in the diet. 39
The daily DWI in lactating dairy cows is measured to be around 3.8-4.7 L/kg DMI (Murphy 40 et al., 1983; Holter and Urban, 1992; Cardot et al., 2008) when fed different diet mixes based 41 on silage, and around 4.2 L/kg DMI when fed hay (Andersson and Lindgren, 1987) . For 42 lactating ewes given hay, the DWI is approximately 3.8 L/kg DMI (Forbes, 1968) In Norwegian goat milk production, silage is the most common roughage during the 55 indoor season, but some farmers prefer to use hay as a feed supplement. Earlier experiments 56 with lactating ruminants have investigated the effect of hay or silage on water intake (Forbes, 57 1968; Andersson and Lindgren, 1987; Cardot et al., 2008) . The aim of this experiment was to 58 investigate how type of roughage (hay or silage) might influence the water intake in dairy 59 goats. 60 61
Materials and methods 62 63

Experimental design
Experimental pens 71
The goats were held in an insulated, mechanically ventilated building where ambient 72 temperature was kept around 12-14 °C. Each goat was placed in a single pen with expanded 73 metal floor and with a total area of 2.0 m 2 . A water bucket (7.0 L) was located in a safety rack 74 in every pen. Roughage was supplied on a separate feeding table for each pen in order to 75 achieve recording of individual feed intake. 76
77
Animals and feeding 78
The eight goats of the Norwegian Dairy Goat breed were on average 3.3 year-old 79 (range 2-4 years) and had a body weight of 58.5±1.7 kg (mean ± SD). The goats were in the 80 19-25 week of lactation, with average milk yield of 3.9±0.4 kg (mean ± SD). 81
The goats were fed roughage twice a day (07.00 and 15.00 h). To ensure ad libitum 82 roughage feeding the goats were given hay or silage, equivalent to 120% of their calculated 83 feed intake the previous day. In addition to the roughage, each goat was fed a daily amount of 84 1.2 kg of a commercial concentrate. 85
86
Recording of drinking water intake, feed intake and milk production 87
The goats were offered 5.0 L water in buckets twice a day at feeding time. Before 88 filling up the bucket with new water, the remaining water was first weighed on an electronic 89 balance (accuracy ± 10 g). Gross DWI was calculated by subtracting the amount remains of 90 water from amount offered. TWI was calculated by adding the water content in the diet to 91 amount of drinking water consumed. 92
Hay and silage were weighed on electronic balance before feeding time every morning 93 and evening. Leftovers were collected and weighed, and the calculated feed intake was 94 adjusted according to DM content both in feed samples and the leftovers. 95
Twice a day (08.00 and 16.00 h) the goats were milked in a milking parlour in an adjacent 96 room and the milk yield for each goat was recorded. 97
98
Roughage quality 99
Samples from hay and silage and from every goat's leftovers were taken every day 100 during the two experimental periods. The roughage samples were analyzed for DM and ash 101 described by Malkomesius and Nehring (1951) . Content of total nitrogen (TN) wasof crude protein (CP) was expressed as TN x 6.25. Neutral detergent fibre inclusive ash 104 (aNDF) was determined using both sodium sulphite and heat stable amylase according to Van 105 Soest et al. (1991) . Crude fat were analyzed after hydrolysis of the samples with 3 M HCl, 106 extraction with petroleum ether, distillation of the fluent followed by drying and weighing of 107 the residues. The nutritional value for the roughages (mean values for experimental period 1 108
and 2) and concentrate are presented in Table 1 . 109 110 Table 1 . Nutritional values of the roughages and concentrate. 
111
Statistical analysis 112
To analyze the effect of roughage type on water intake, analysis of variance using the 113 mixed procedure (Littell et al., 1998) of SAS (1992) was performed. The measurements were 114 repeated several times for each animal, and therefore a repeated measurement procedure was 115 used. Random covariance structure proved useful for all data. To control possible carry over 116 effects, sequence group (e.g. treatment x period interaction) was included in the model. 117
Denominator degrees of freedom were adjusted according to the method described by 118 Kenward and Roger (1997 
Results
136
DWI was significantly higher when fed hay compared to silage, whereas the TWI was 137 significant higher for the goats consuming silage contra hay ( Table 2 ). The daily DWI ranged 138 from 2.9 to 9.2 litres when the goats were fed hay and for silage the corresponding value 139 varied from 1.6 to 7.8 litres. Also the TWI showed a considerable variation as 3.2 to 9.8 and 140
5.1 to 11.0 L when fed hay and silage, respectively. However, there were no significant 141 differences between the goats regarding DWI and TWI. 142
There was a significantly higher intake of silage than hay, but the DMI was significant higher 143 for hay than silage ( Table 2 ). The daily DMI ranged from 1.6 to 2.9 kg for hay and from 1.8 144 to 2.7 kg for silage. Goat number 3 in experimental period 1 had on the second day a very low 145 intake of roughage; only 50 g hay on this particular day. This observation was therefore 146 excluded from further calculations. DWI per kg DMI was significantly higher when the goats 147 were fed hay compared to silage, whereas it was reversed for TWI/kg DMI ( Table 2) . Type of 148 roughage had no significant effect on the goats' milking yield, but to produce one kg milk the 149 goats had to drink significant more water when they consumed hay compared to silage, while 150 this was opposite for the TWI (Table 2 ). There was no significant difference among the goats 151 for none of the variables. 152 7 154 Table 2 . Daily intake of water, roughage intake, dry matter intake and daily milking yield (mean ± SE).
Hay Silage Milk yield, kg/d 2.7 ± 0.1 2.6 ± 0.1 2.4 ns DMI, dry matter intake includes dry matter intake from both roughage and concentrate; BW, body weight; ns, not significant. 155
The water intake and milk production were significantly higher in experimental period 1 than 156 in experimental period 2 (Table 3) . However, no significant differences between the periods 157 were found in TWI/kg milk, roughage intake and DMI (Table 3) . Sequence group (treatment 158 x period interaction) and day within period had no significant effect on none of the variables. Ns, not significant.
163
There was a significant, positive correlation between DWI and DMI when giving hay, but not 164 for silage (Table 4 ). The DWI was positively correlated with milk yield for both roughage 165 types (Table 4) . DWI/kg BW 0.75 was significantly higher when the goats ate hay contra silage 166 (Table 2) , and there was a positive correlation between DWI and body weight (kg BW Ns, not significant.
175
Discussion 176
The main results from this experiment showed that the goats' DWI was higher when 177 consuming hay than silage, while it was the opposite for the TWI. 178
The present experiment showed that the goats' DWI was positively correlated with DMI for 179 hay, but this was not true for silage. The wide range in DWI can be explained by the range in 180 daily DMI. Correspondingly, DWI have been reported to be highly correlated to DMI in 181 lactating cows (Little and Shaw, 1978; Holter and Urban, 1992) given diets with DM content 182 over 50%. The low DM content in the silage based diet can be the reason why there was no 183 correlation between DWI and DMI. Water consumption has been linked to diet DM 184 concentration, and Castle and Thomas (1975) To maintain a normal osmolarity in the extracellular fluid when consuming a high amount of 192 dry feed, the individual have to increase its DWI (Dahlborn, 1987) . Animals eating a fibre 193 rich diet have to consume more water due to the higher loss of faecal water (Paquay et al.,1970) . The fibre content in the two experimental diets was identical, but due to a higher DMI 195 in the group fed hay, these goats had a slightly higher fibre intake per day compared to the 196 silage group. 197
The DMI from the silage diet was more correlated to TWI than DWI, whereas the 198 corresponding value for the hay diet was almost the same for both TWI and DWI. Similar to 199 the results of Paquay et al. (1970) , there was a negative correlation between TWI and DM 200 content in the diet. It has been suggested that increased urinary water loss, from greater 201 urinary excretion of N and K for wet diets, may account for this result (Paquay et al., 1970) . 202
Similar have also been found that a higher CP content in the diet have shown to stimulate the 203 water intake (Forbes, 1968; Holter and Urban, 1992) . Murphy (1992) . This is lower than found in this experiment 209 on both roughage types, even though the milk production was almost the same. It can be 210 deducted that this difference might be influenced by differences in breed and/or ambient 211 temperature. 212
213
Conclusions 214
According to Giger-Reverdin and Gihad (1991), physiological status and level of 215 production is important factors for water intake and they report that goats consume 1.28 kg of 216 water for each kg of milk produced. This is lower than the TWI/kg milk we found in the 217 present experiment on both diets. Interestingly, cows have a TWI around 2.6-3.3 l of water to 218 produce one kg milk on a diet consisting of silage and concentrates (Holter and Urban, 1992 ; 219 Dewhurst et al. 1998 ). The milk yield was positively correlated with DWI and TWI for both 220 roughage types, and this is in agreement with earlier studies with dairy cows (Castle and 221 Thomas, 1975; Dewhurst et al., 1998; Meyer et al., 2004) . The water intake in experimental 2 222 was lower than in experimental period 1 and this can be explain by the natural decease in 223 lactation curve after the production peak.
TWI. When fed diets with high DM content, the DWI can reach up to 10 L per day, which 227 shows the importance of an adequate water supply in order to achieve a high milk production. 228 229
